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DEPARTMENT O~ THE ARMY‘\ PHILADELPHIA DISTRICT . CORPS OF ENGINEERS
CuSTo M HoU~~E -Z O i C H E S T NUT  ST REETS

‘. .Ifl1~ eer ie ~u

NAPEN—D

Honorable Brendan T. Byrne 1 Sfl’ ~~
Governor of New Jersey
Trenton . New Jersey 08621

Dear Governor Byrne :

Inclosed is the Phase I Inspection Report for Echo Lake Intake and Spiliway
Dame in Passaic Cosmty , New Jersey which has been prepared under authorizition
of the Dam Inspection Act , Public Law 92—367. A brief assessment of
the condition of these dams is given on the firs t four pages of the
report.

Based on visual inspection, available records, calculations and past
operational performance , Echo Lake Intake and Spiliway Dams, high hazard
potential structures, are Judged to be in fair overall condition .
Both dams are considered to have sufficient capacity to adequately
handle the Probable Maximum Flood(PMF). To insure adeq uacy of both
structures, the following actions, as a minimum , are reco ended :

a. The following remedial actions should be initiated within three
months from the date of approval of this report and completed within one
year thereof.

(1) Repair the stone rip—rap on the spiliway dam ’s approach and
discharge channels. At the same time remove the brush from the discharge
channel.

(2) Repair the spillway dam ’s deteriorated concrete sidewalls by
strengthening the walls and anchoring than into th. firm foundation
rock to further stabilize the structure.

(3) Install a device for collecting floating oblects upstream of
the spiliway da. to prevent clogging of th. approach and discharge
channels .



NAPEN-D
Honorable Brendan T. Byrne

(4) Remove the large rock obstruction at the downstream end of
the road culvert over the spilivay discharge channel.

(5) Repatr the deteriorated concrete wingwalls of the outlet conduit

for the intake dam.

(6) Rehabilitate the intake tower valves so they may be read ily
operated by one man.

(7) Make an underwater inspection to determine the cause of
inhibited gate operation. Clean , lubricate , and repair the gates and
gate tracks as necessary.

b . The Cotters Brook div.~s~on structures should either be
repaired or deaolished within one year from the date of approval
of this report ,

A copy of the report is being furnished to Mr. Dirk C. Hofaan , New
Jersey Depart ment of Environmental Protection , the designated State
Off ice  contact for this program. Within five days of the date of this
letter , a copy will also be sent to Congressman Robert A. Roe of the
Eighth District . Under th. provisions of the Freedom of Information
Act , the inspection report will be subject to release by this office,
upon request, thirty days after the date of this letter.

Additional copies of this report i~ay be obtained fro. the National
Technical Information Services (NTIS), Springfield , VirgInia , 22161
at a reasonable cost. Please allow four to six weeks from the date of
this letter for NTIS to have copies of the report available.

An important aspect of the Dam Safety Program will be the implementation
of the recomeendations made as a result of the inspection . We accordingly
request that we be advised of proposed actions taken by the State Co
implement our recoimsendations.

Sincerely yours,

y

ix ~~~~ ~ A

l Inci 
.,

•... 
J~MESC. TON

A. stated Colonel , Corps of Engineers
District Engineer

Cy f urn:
Mr. Dirk C. Hofma n , P.E.
Department of Environmental Protection
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ECHO LAKE INTAKE AND SPILLWAY DAM (NJOO3 1S and NJOO5SR )

CORPS OF ENGINEERS ASSESSME NT OF GENE RA L CONDITIONS

This darn was inspected on various dates in June , 1978 by Langan Engineering
Associates , Inc. ,  under contract to the State of New Jersey. The s tate ,
under agreement with th e IT . S. Army Engineer District , Philadelphia ,
had this inspection performe d in accordance with the Nat ional  Darn Inspection
Act , Public Law 92— 367.

Echo Lake In take and Sp ilivay Dams , h i g h hazard potent ia l  st ructures , are
judged to be in fair  overall  condition . Both dams are considered to have
suf f ic ient  capacity to adequately handle  the Probable Maximum Flood (PMF ) .
To insure adequacy of both s tructures , the followi ng actions , as a mi ni mum ,
are recommended :

a. The fol lowing remedial actions should be ini t iated within  three
months f rom the date of approval of this repor t and completed within one
year thereof.

( 1) Repair the stone rip—rap on the spilivay dam ’s approach and
discharge channels. At the same time remove the brush from the discharge
channel .

(2)  Repair the spil iway darn ’s deteriorated concrete sidewalls by
strengthening the walls and anchoring them into the f i rm foundation
rock to fur ther  s tabi l ize  the s t ruc tu re .

( 3) Ins ta l l  a device for col lect ing f l o a t i n g  object s  upstream of
the spi liway dam to prevent clogg ing of the approach and d ischarge
channels .

( 4) Remove the large rock obstruct ion at the d ownstream end of
the road culver t ove r the sp t l l~.ay discharge channel .

( 5) Repair the deter iorated concrete wingwal l s  of ou t l e t  conduit
for  the intake darn .

(6) Rehab i l it a t e  the In take  t ower valves so they may he readi ly
operated by one man .

( 7) Make an underwater inspection to determine the cause of
inhibited gate operation. Clean , lubricate , and repair the gates and
gate tracks as necessary .

_ _ _ _  _ _  ~~~~~~~~~~~~~~~~~~~~~~~~ -.. .~~~- ~~~~~~~~~~~~~~~~~ 
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b. The Cotters Brook diversion structures •hould either he
repaired or demolished within one year from the date of approval
of this report.

APPROVED ~~i~
)(d 

~Tii’~
’
~

~~~~~~ . 
-‘Colonel , Co s of Engineers
Dis trict Engineer

DATE L/~~4) / 771’
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PHASE 1 REPORT

NATIONAL DAM SAFETY PROGRAM

Name of Dam: ECHO LAKE INTAK E AND SPILLWAY DAMS

ID N b . Intake Dam ; Fed ID No. NJ00315
urn ers. Spiliway Dam; Fed ID No. NJ00558

State Located : New Jersey

County Located: Passaic

Stream: Macopin River

River Basin: Passaic

Date of Inspection : 7,12,20 and 27 June , 1978

ASSESSMENT of GENERAL CONDITIONS

Echo Lake Intake and Spillway Dams are in fair
cond ition. Our recommended remedial measures do not
question original design assumptions. They are mainly
related with repair , maintenance , and improvement to
decrease risk of further damage.

The Echo Lake spil].way sidewalls and discharge
canal rip—rap must be repaired. The first pr iority
is to rebu ild the side walls of the spillway by making
them stronger and anchoring them into rock. At the
same time the upstream and discharge canal rip—rap
should be repaired. In addition , all vegatal growth
should be permenantly removed from the discharge canal.
A device for collecting floating debris should be
installed as soon as possible upstream of the spillway. 

.~~~~~~. -...-—- ___________



It should be assumed that floating debris will include
row boats and newly uprooted trees. The large rock
at the downstream end of the culvert below the road
should be removed . The wing walls of the outlet culvert
should also be repaired. The control valves at the
dam spi]lway and trash rack structures are in well
maintained operating condition. However , the valves
at the intake tower should be brought up to an operational
efficiency that requires only one man to operate this
station. An underwater inspection should be made to
determine if debris or buildup in the gate tracks is
binding and inhibiting operation , and the gate tracks
cleaned and lubricated. The stem guides should have
bronze bushings installed and the stems should be
lubricated . Should the above allow for one man valve
operation then this is all that should be done to these
occasionally used valves. We estimate the dam can
adequately handle the PMF and there will be approximately
1 ft of freeboard remaining .

~~~~~~Dennis J. Le,~~
’
~ g.E.
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SECTION 1 PROJECT INFORMATION

1.1 General

Author ity to perform the Phase 1 safety inspection
of Echo Lake Intake and Spiliway Dams was received
from the State of New Jersey, Department of Environmen tal
Protection , Division of Water Resources by letter dated
26 May 1978. This Authori ty was given pursuant to
the National Dam Inspection Act, Public Law 92—367.

The purpose of the Phase 1 investigation is to
develop an assessment of the general conditions with
respect to safety of Echo Lake Intake and Spillway
Dams and appurtenances based upon available data and
visual inspection, and , determine any need for emergency
measures and conclude if additional studies , investigations
and analyses are necessary and warranted. The assessment
is made using screening criteria established in Recommended
Guidelines for Safety Inspection of Dams prepared by
the Department of Army , Office of the Chief of Engineers.
It is not the purpose of the inspection to imply that
a dam meeting or failing to meet the screening criteria ,
is per se , certainly adequate or inadequate.

1.2 Project Description

Echo Lake Dams and appurtenances are located at
the south end of Echo Lake in the Township of West
Milford , Passaic County , New Jersey. A regional vicinity
map is given in Fig. 1.

The structures consist of two earth dams. The
spillway dam with a free—fall concrete ogee type
spiliway ; and the Intake Dam with outlet structures.
Both dams have discharge channels. The Intake Dam
is located a~ the southwest corner of the Lake at
longitude 74 24’ 43” and latitude 410 03’ 00”. It
consists of an earth dam , intake tower , outlet structure ,
and discharge channel. The Spillway Dam is located0at the southeast corner0of the Lake at longitude 7424’ 25” and latitude 41 03’ 00” . It consists of an
ear th dam , spillway and discharge channel , and an
unused diversion canal.

El 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . — - . . 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~



.~~~ ~~Iw~~~

The I n tak e  dam in 370—ft long , 12— ft high and
has a 12—ft—wide crest at ci 904. The in take towe r
is located 60 ft upstream of the dam and has g a t e s
that can be placed at different elevations to permit
drawing better quality water from selected depths.
The in tak e has an approach channe l  e x t e n d i ng  1,870
ft into the lake to contour ci 870. A r e i n f o r c e d
concrete condui t  passes through the dam from the intake
tower to the o u t l e t  c h a n n e l .  The o u t l e t  channe l i n
1 ,870 it long , has its bottom at ci 872 at the dam
and feeds Charlottehurq Reservoir. A valve and t r a sh
rack ar e located on t h e  side  of t he  channe l to  d i v e r t
the water to the r e s e r v o i r .

The Spiliway dam is 4’~0-ft long and l’~— tt high.
Its crest in 10— it  w ide  and at  el 902. The sp i l iw a y
is a 50—ft—long concrete , free~-fa1l ogee type spillwayw i t h  i ts  crest  at el 893 or n i n e  fee t  below the  dam
crest and .at. about present lake level. The spiliway
allows the use of 3—ft flash hoards.

In 1897 (‘otters Brook was diverted into Echo l a k e .
Th i s  d i v e rs i o n  has been closed a t the  e n t r a n c e  of t h e
d i v e r s i o n  canal  and is no longer  used.

The i n t a k e  st r u c t u r e , np illway , and emhankments
were  b u i l t  in 1926 toqether  w i t h  the o u t l e t  ca na l  t h at
feeds (‘harlotteburq Reservoir. Under presen t  c o n d i t i o ns
the  need to feed C ha r l ot t e h u rq  R e s er v ot ;  in only  oc-
c a s i o n a l .  Two or three times a year , 5 to  10 million
g a l l o n s  a day are d r a w n  f r o m  Echo Lake by means of
m a n u a l l y  operated valves In the intake structure.

The Echo Lake Damn are classified a:; he i nq “ In t e r m e d i a t e ”
on the basis of Its r e se rvo i r  storage volume , which
is more t h an 1,000—acre feet , hut  less t h a n  co ,ooo—
acre f ee t .  They are  c l a s s i f i e d  as “Small” on the basin
of t ot al  h e i g h t , wh ich  is lens th an  40 f eet .  The o ver a l l
s i z e  c l as s i f i c a t i o n  is the l a rg e r  of these two d e t e r m i n a t ions ,
and according ly the  damn are ch a s s it i e d  an “Interme diate ”
in  si ze .

In the  Na t iona l In v e n t o r y  of Damn , the Echo lake
Dams have been c la s si f ie d  as h av i n g  “ H i gh  Haza rd  P o t e n t i a l ”
on the b as i n  t h a t  f a i l u r e  of e i t h e r  dam would cause
excessive property damage to residences downstream ,

F.2



and could potentially cause more than a few deaths.
Visual inspection of the downstream shows that breach
of either of the dams would cause damage to residences
and be hazardous to people using Echo Lake Road and
Route 23. Accordingly, i t is proposed not to ch an ge
the Hazard Classification Potential.

The dams and reservoir are owned by the City of
Newark , Newark Water Department , C i ty Hal l , 920 Broad
Street , Newark , New Jersey , 07102.

The purpose of the dams is to prov ide emergency
water supply when the level of Charlotteburg Reservoir
becomes too low.

1.3 Pertinent Data

Echo Lake is orien ted north—south and has an area
of 282 acres. I ts  m a x i m u m  length is 8,000 ft. With
Cotters Brook diversion closed the draina ge area is
2.73 sq mi. The f u l l  storage capacity is 1,583 m i l l ion
gallons or 4 ,870 acre—ft between ci 893 and el 872.
The storage capacity increase is approximately 300
acre—f t per foot of height above spillway crest.
Essen t ial  pro ject featur es are g iv en in F ig .  2.

Spillway Dam - The splllway dam has a weired
spi l iway  w i t h  an ogee shape. Vertical steel bars have
been provided for flash boards. The total spiliway
length Is 50 f t  and was designed for a flood of 1560
cfs wi th water level 4 f t  above the c res t .

The maximum known flood occurred in 1903 prior
to construction of existing dams. The water leve l
was raised from el 892 (normal water level at the time)
to el 898 or 4 ft below the present dam elevation .
Normal pool elevation corresponds to the elevation
of the crest of the spiliway at ci 893 and t ai lwate r
at the sp il iway  is at el 882. The crest  of the em-
bankment on each side of the spiilway is at ci 902.

On the right abutment of the spiliway is a valve
with a 16 in. by 24 in. outlet opening . Access to
thi s valve is through a pi t located at the top of the
r i gh t  s pi l iw a y  s ide w a l l .

F.3
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There is no stilling basin downstream of the
spiliway and dissipation of energy Is provided by
boulders in the r i v e r  bed. The flood delivered by
the spillway passes through an underpass below the
road. The foundation and river bed are sound rock.

The spiliway embankment is a homogeneous earth
dam founded on dense sand and gravel wi th a cut off
t rench to bedrock. I ts h e i g h t  Is 15 ft from crest
to toe near the spillway side wails. The approximate
total length at crest level is 450 ft. The top width
is 10 f t  and side slopes are 2 .5  hor to 1 ve r t  w i t h
upst ream stone paving .

Intake  Dam — The out let  s t ruc tu re s  of the In t ake
dam , from upst ream to downstream , comprised a trash
rack ; front gates opening inside the intake tower and
set at different levels; and 2 gates for closure of
each of the two conduits. The gates can be operated
to withdraw water from selected elevations. Access
to the gate house (floor at ci 900) is from stair s
starting from the embankment crest and an access br idge.
The intake tower is approxima tely 60 ft from the cen t e r l i ne
of the embankment. The concrete conduits as seen from
the downstream outlet consists of two rectangular
conduits having a total cross—sectional aLea of 100
sq f t .  The length of the cu lve r t  is approx imate ly
120 f t .  An in take  channel ups t ream of the in t ake  towe r
has been excavated for a length of 1870 ft to a bottom
elevation of 870. The bottom of the outlet channe l
is at elevation 872.

The outlet channel was designed to carry 93 ft
/sec. and can be used to lower the lake water level.

The earth embankment of the Intake Dam is about
370—ft long and is founded on bedrock. It has a crest
width of 12 ft. at el 904. The embankment is 32—ft
high between crest and bottom of the reinforced con-
crete outlet channel which is approximately 10 ft below
natural ground . The embankment was designed as a homogeneous
dam with a cut off trench. Side slopes are 2 hor to
1 ver t on the downstream face; 1.5 hor to 1 ver t  at
the upper part of the upstream face and 2.5 hor to
1 vert below with paved rip—rap protection.

E4



SECTION 2 ENG INEERIN G DATA
Design of the existing structures were made mainly

in 1896 and in 1926. As mentioned in the description ,
the diversion of Cotters Brook designed in 1896, is
no longer used. This diversion dam has a very small
storage capacity (less than 2 acres feet). The 1926
Construction drawing s of Echo Lake are available with
monthly construction progress reports. Descriptions
of the main lines of the 1926 scheme is outlined in
a “Report of Hydraulic Engineers” dated March 14, 1926
and addressed to James W. Costello. A copy of this
report is included in Appendix 3 together with abstracts
of the construction specifications. From the available
documents we have determined the design and construction
practice to be adequate with respect to present day
practice.

The lake Is used for emergency water supply.
Under these conditions, normal pool elevation is the
spillway crest level.

The maximum flood to pass over the spillway was
estimated at a time when the catchment area was 4.35
sq ml. However , the catchment area is now reduced
to 2.73 sq mi.

The norma l upstream water level was designed to
be occasionally increased by using 3—f t—high flashboards.
There is now a large freeboard , 9 f t , above spillway
crest which , without freeboards and assuming the necessary
repair work is performed , will provide additional safety
in a design which by itself appears sound.

2.1 Regional Geology

Echo Lake Dams are located in the New Jersey
Highlands physiographic province . The New Jersey
Highlands extend across the state in a northeast south-
west direction from the border of New York to the
Delaware River and includes the northwest portions
of Hunterdon , Passaic, and Morris Counties and the
southeastern parts of Warren and Sussex Counties.
This province is part of the New England Physiographic
Province and lies between the Appalacian Ridge and
Valley Province to the northwest and the Piedmon t
Province to the southeast. See Fig 3.

E5
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The High lands  are  cha rac t e r i zed  by rounded and
f ia t—topped nor theas t southwes t  r idges  and mounta inas
up to 1,400 f t  h i g h  separated by na r row valleys.
The orientation of the valleys are usually, but not
always controlled by the unde r ly ing  geologic s t r u ct u r e .

The regional geologic structure reflects the very
old age of bedrock. A numbe r of reg ional f au l t s  cross
the area in a northeast  southwest direc tion, including
t he Ramapo Fau l t ;  the more than  30 mi le  long f a u l t
scarp forms the eastern border of the province. Faults
control many of the river valley orientations. The
re la t ively un i fo rm slope of the m o u n t a i n  elevations,
from northwest  to southeast , is a d i rec t  resul t  of
the f a u l t i n g .  The e n t i r e  area is par t  of the now
dissected Schooley Peneplain.

The Pleistocene Age Wisconsin glacier covered
all of the dam s i te  area.

The glacier  stripped most of the e x i s t i n g  over-
burden and weathered rock and uncovered the numerous
hard bedrock knobs and ridges seen throughout the
province . Most of the side—slopes in the area are
covered with heavy boulder tills (ground moraine),
whereas glacial outwash and recent alluvium cover the
valleys.

2.2 Site Geology

Echo Lake Dam is located in the north—central
p or t ion  of t he Highlands Province , at the eastern foot
of Kanouse Mountain. The reservoir lies in a long
northeast—southwest valley which is a product of the
un d e r l y i n g  geologic s t r u c t u r e .

The lake basin was formed by the obstruction of
a river valley by means of glacial drift. The dri ft
at the south or outlet end of the lake takes the form
of a hardpan overlaying bedrock. Test borings show
bedrock to be seven to thirty feet, below the ground
surface except near the center of the valley where
a driven well disclosed rock at a depth of 120 feet.

E6



Bedroc k throughout  the area appears to be relatively
shallow in the valley , and at or near the surface the
adjacent side slopes. The predominent rock type is
a light to heavily banded , excellent quality granite
gneiss. However , the borings taken as part of the
or iginal Investigation in the 1920’s, describe the
rock at the overburden—bedrock contact as “seamy rock”
which we interpret to mean fractured and weathered.
One boring In the embankment section describes the
bedrock at that location as “decayed pegmatite”.

Overlying the bedrock is glacial till (ground
moraine), sand and gravel glacial outwash, recent
alluvium composed primarily of sand and gravel and ,
in the spillway section, a “loam and clay”. The latter
may include lacusterine materials deposited in a lake
as the glacier retreated.

SECTION 3 VISUAL INSPECTION
The site visit inspections included the Echo Lake

embankments, spillway and outlet structures, control
valves and gates, and Cotters Brook diversion .

Echo Lake Spiliway and Dam

The concrete spiliway is in serviceable condition.
However, the side walls are broken at the upstream
toe due to earth and riprap thrust. As a consequence,
the rip—rap in this area has suffered local slides.
A minor seepage has been observed at the toe of the
r ight abutment side wall.

The embankment does not show signs of movement
and is in good condition. Minor sloughing of the rip—
rap has occurred in the spillway discharge channel.
The culvert of the discharge channel of the spillway
below the road is partially obstructed with a boulder.
It is reported that this underpass has been partially
obstructed by driftwoods during the 1903 flood. This
occured pr ior to construction of the present dam.

E7
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Echo Lake Outlet Structures and Dam

The outlet  s t ruc tu res  are genera l ly  in good con-
dition . A water level staff gage is located at the
intake tower and water levels are recorded daily.

Some trace of moisture appears at a construction
joint on the left side of the intake discharge culvert
about two feet above downstream water level. Minor
seepage was observed outside the culvert along the
left wall. The downstream wing walls of the culvert
have failed.

No evidence of landslides within the reservoir
were observed. However , the presence of the forest
may result in problems with floating debris during
floods.

Control Valves

The r ight side of the spillway has a Rodney Hunt
control valve which at one time was used to supply
make—up from Echo Lake to Macopin. However, this valve
has not had func t iona l  use since 1960. Since then
all Newark water supply has been treated at Charlotteburg
and not Macopin. The Rodney Hunt valve, Shop No. 303,
is funct ional  however , and has been maintained .

The intake tower for make—up runoff to Charlotteburg
Reservoir has three Rodney Hunt control valves. Two
are Type 2504, Shop Nos. 320 & 321, with single ratio
floor stand crank operators. The third is a Type 2512,
Shop No. 317, with two gear ratio floor stand crank
operators. The valves are operated only a couple of
times each year and operate with great difficulty
requiring three men to start the gates moving in their
tracks.

The rear wall of the intake structure has a pulley
and gear arrangement which was or iginally designed
to facilitate the lowering of auxilliary gates for
servicing the valve plate, track , and stem assemblies.
Indications are that this arrangement has not been
used.

E8 
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There is a Rodney Hunt control valve at the trash
rack intake structure for diversion of make—up water
from Echo Lake to Charlotteburg Reservoir or emergency
runoff to Macopin. The valve and trash rack structure
are in well maintained condition .

Cotters Brook

The Cotters Brook diversion structures are in
a poor state of maintenance. The spillway is founded
on the rock and is constructed of large masonry stone
wi thout mortar or the mortar has been washed away.
A flow estimated at 300 gpm was passing through the
stones while 100 gpm was spilling over the crest.
The diversion inlet is closed by wood stoplogs and
backfilled upstream with earth . Leakage through the
stoplogs is small. The wood of the stoplogs is still
in good condition. The closure level of the intake
is approximately six inches above water level. The
canal downstream of the intake is covered by vegetation
and is in a poor state of maintenance.

Evaluation

With the exception of Cotters Brook diversion
and the spiliway and culvert walls the essential struc-
tures are generally in good condition. Repairs must
be made to the spiliway and culvert walls. No traces
or significant seepage were observed. The control
valves at the intake should be improved so that only
one operator is required .

SECTION 4 OPERATIONAL PROCEDURE
A daily visit of the intake is made to record

lake water levels. There are no automatic recording
or warning system to record any sudden raise of water
level.

Maintenance of the structures and operating facil—
ities are made when necessary. There are no periodic
inspections or Instrumentation .

E9
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SECTION 5 HYDRAULI C/HYDROLOGY

The hydraulic/hydrologic evaluation is based on
a spillway design flood (SDF) equal to the full probable
maximum flood (PMF) in accordance with the evaluation
guidelines for dams classified as high hazard and
intermediate in size. Available records indicate that
the spillway and dam are designed on the basis of a
flood flow significantly less than the PMF.

The PMF has been determined by developing a synthetic
hydrograph based on the maximum probable precipitation
of 22.5 inches (200 square mile — 24 hour). Hydrolog ic
computations are given in Appendix 4. The PMF determined
for the subject watershed is 11920 cfs.

The crest elevation of the dam is such that the
dam can store water to height 9 ft above the crest
of the spillway . With 9 ft of head the capacity of
the spiliway is approximately 5016 cfs which is less
than the SDF.

The PMF was routed through the dam and spillway
and it was found the dam would not overtop and there
would be approx imately 1 ft of free board remaining .
Based on the routing it can be concluded that Echo
Lake Dam does not have an overtopping potential.

Drawdown calculations indicate that it would take
approximately 6 days to lower the lake level by 9 ft
and approximately 14 days to empty the lake.

SECTION 6 STRUCTURAL STABILITY

The stability of the Echo Lake structures as
determined by visual observation and examination of
available records is satisfactory. The operating con-
ditions with respect to water level are less than
project design conditions.

The diversion dam at Cotters Brook is satisfactory
with respect to overall stability but requires repair
and maintenance work. It should be noted that these
structures have withstood the adverse conditions that
have occured over the last 80 years and it is unlikely
they will continue to do so much longer.
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Echo Lake Dams are located In Seismic  Zone 1 of
the Seismic Zone Map of Contiguous  States. The degree
of s t ab i l i t y  of the dam and appurtenances are assumed
to be w i t h i n  conventional safety margins and to present
no hazard  f rom ear thquakes .  If , however , the Se i smic
Zone rat ing is ser iously increased in the f u t u r e , or
data becomes available to indicate it may be Increased ,
fur ther study with respect to seismic stability may
be necessary.

SECTION 7 ASSESSMENT, RECOMMENDATION /REMEDIAL MEASURES

7.1 Assessment

Echo Lake Intake and Spillway Dams and appurtenances
are In fair cond ition.

The remedial measures do not question or iginal
design assumptions. They are mainly related with
repair , main tenance , and improvement to decrease risk
of fur ther damage.

7.2 Recommendations/Remedic.l Measures

We recommend the following remedial measures:

1. The Echo Lake Spillway sidewalls must be repaired .
The first priori ty is to rebuild the side walls
of the spillway by making them stronger and anchored
them into rock. At the same time the rip—rap
should be repaired . This should be done very
soon.

2. A device for collecting floating debris should
be installed as soon as possible upstream of the
spiilway . It should be assumed that floating
debris will include row boats and newly uprooted
trees. The large rock at the upstream side of
the culvert below the road should be removed .
This should be done soon.

3. The wing walls of the outlet culvert at the Intake
Dam should be repaired . This should be done very
soon. 

~~~.-.~~~----~~~~~~~~~~~~~~~~~~



4. The control valves at the dam spiliway and trash
rack structures are in well main tained operating
condition . However , the valves at the intake
tower should be brought up to an opera tional
e f f i c i ency  tha t  requires  only one man to operate
th i s  s ta t ion.  This should be done in the f ut u r e .

5. An underwater inspection should be made to determine
if debris or buildup in the gate tracks is binding
and inh ibiting operation, and the gate tracks
cleaned and lubricated. The stem guides should
have bronze bushings installed and the stems
should be lubricated. Should the above allow
for one man valve operation then this is all that
should be done to these occasionally used valves.
This should be done in the future.

6. Do not keep the Cotters Brook diversion structures
in their present state. If the diversion is not
to be used , we recommended demolishing it entirely .
This should be done soon.
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Right side—wall of 20 June 1978
sp illway .

1.ow levc i outlet at riqht side 20 June 1978
wIlil of spiliway.
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Spiliway d ischarqe  cana l  20 June  1978
looking upstream.

~~~~~~

I

(‘ulvt-rts below road and Route 23
aion q sp i l i w a y  di scharqe canal I ookinq
down~-t ream. Note boulder at end of culvert
below road.
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Upst ream riprap at rioht ~0 •lflfl(’ 1978
embankment looking  west  from
sp i I iw ay .

t lps t  ream ri p rap at. 1 i t h t  20 June 1978
em) ~a n k men t . T,ook i ug WI’ ~ t f rom
m t  ak e ~;t i u-t -uro .
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One of three Rodney H u n t  m a n u a l l y  20 June 1978
operated control  valves a t  i n t a k e  s tr u c t u r e .

Control valve at right side 20 June 1978
of sp iliway .
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Right wing wall of intake 20 June 1978
structure discharge tunnel .
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Left wing wall of intake 20 June 1978
structure discharge t u n n e l .

ECHO LAKE DAM
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~q. MARcH ~~~~

Report of Hydraulic En~ theer

Zoho Lake In,,rovement

Division of  Water

ILr. Jame8 W. Costello, Chief !ngineer ,
Department of Public Af~~~irs ,
l~ewark , N.J.

Dea.r Sir:

Herewitn 18 submitted a report of the development of
echo Lake to secure additional water eupoly from the Peciuannoc k
wate r3hed.

An hydraulic engineer e~peri.enoed in the design and con-
st ruc t ion  of earth dan.s was employed and the work of investiga—

• tion, design and preparation of plans ~~ok1n~ to the improve-
ment and increased supply of water  f rom Ecno L~ ke , actively taken
up on April 1, l~ 25.

Sp e c i f i c a t i o n s  f o r  test  b or±n g~ were  pre2ared at once and
bids eecured fr~m four f1r~~s as folhiis:

Bidder Price Price per Nuxnber Type Core
per foot day uni ts  diain .

1 unit eouiuz~ent
1. Phillips & Worth— 1 1/4’ to

• ington , New York 34.O’~. $40.~~ 2 Shot 3. ~/4”

2. Watson 0. Clark , 5.25 52.00’ 2 Shot 2”
New York

3. Osborne Drilling
Corp., New York 6.00 35.00# 2 Diamond 35/ 16

4. Cu es Drilling Co.
• Inc ., New York 7.00 41.00 Di amond 7/8’

345.O0 per day w1t~.out su p e rIn t e nde n t

~Plus $90. 00 per karat  of dia.mond loss

The contract ~ae a~~ r~.ed t~ Phi l l ips  & Wc r tMngton of New
York on Aoril l~~, 1 23. ~~rk c-e~-an on Apri l  22 a~d was co~~
pleted August 5 , l9~~~. ~‘~~ ar t~ i~

- contract 51 ocringe were
‘ade on a damsite near t~ e t i n ,  o u t l e t  an-I a1on~ the d i v e r s i o n
and outlet channels and on ~r: darnaites a t  the south west cc ;r.~ r
of t.3 ~~~~~ A tc~ al cf 127~~.14 l1!~ea1 fec~ of arilling w~e
done as foliows: 4~ i:cles on 1~ nd ~no.ir.ting t~ l1~~~..4 feet at
4.~ 0 p~r foot, c~ s~in~- $4S54.5~ ~nd five n -~ es a~.oun tir.g to

-~~~ - ~~~~~~~~~
-• • — - -
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l’.O..O lineal feet in t~~ )~~t~~~~ b r t t o~~, xt ’~~e fro t.~ a f 1~~i 1t ,
t~’e p~~r d~y price of ~~0•O’i, or . 9 pv’r foot , c iit1 ~~’ - - - . - .
i tu~al of ~~~ 56. T~-~ t pi ‘.i~ u~~re dug on the ot t~ ot L r ‘- -~

pits arid tneehanlenl an tly4~ made of the sLti~ 1zi1o to d e t~~r~r.~ ne
their euttability icr une in earth d~t~ conat r ~ o tio n .

Surveys were begun Aprt . 1’~ rith a ncn—~ nh:5ne’~r1Y. - r~e :it~.—ant  bild two laborero. Th-: ~~‘- j  : . l z~~~t w~tn rep1!.ic~ d ~y ~~:. ~~~~~~~~~~ - : L t—

in~ Craduate on lay 18. T.lrL-e t~:~ iOr~ ry ~iO~ ict~,ii t~ ~ieFL- C.-~ l Oj —
ed ‘iur 1z~g a part  of Ju nc , Ju ly  t~riti ~u. Ub t .  A O e C O r ~’~ e:~ ’ir . r~ L.:~
as~~I ot ant , capable of doing dr ~ f t ~ ng, ~:a~ ad~ ed to t~.e :orca
on Dec. L5.

Thpograpbic i~urvoys cover~n~ 52 ~cree were n~jde cf the areathat will be affected by c~ ni:truc t~on o~oraticne Kt the f o c t  of
the ii~ke, and a survey of the pr’~~occd new 7,500 f co t ou t l e t
channel . A aurve ty was al ec ~~idt ~ of t h e l~acopin ~ r~ nch Rai lroad
leadin ~; from the n~ain linc4of the !e- ~ ‘~‘ork , Suco~ e1.anna & eate rn
(Erie) Railroad to Echo ta&e , len~-t z ~ of survey 1.64 nl1~~8.
The major field operation was tc .e deter :n lna tion  of t s~e area and

v . lui i~e of tce lake. A tr ian~ ulat 1o ~u r v ey  of ti~e 1~ik e r~ c
made bind with this a a a basis , eoundin ~:s below and e l eva t ion s
above the rater sur face  rre co t o rm ir ie d  along tne entire 1~t~e ahore
a distun~e of 5.6 ‘idles. The soundin.,s were su~plt~i;~nte by work
done by ~~. Eank ::.tn 1~ 22. The are-i co-iere. by t~:is su rvey is ~4O
acres. In addition , 1. miles of location lines were run i~. Ham—
mock swamp . Froz~ the map base-.1 on t.4s survey were determined t:.o
area and capacity ef ti.e lake ~ t two foot interv~ile fru.~ the  b o t tom
to elevat i on 896 o~ four fe t ah ove t.ie pre~-~ nt full 1a~ e u u r f a co
and froia t~e volumes arid areas v.ere obt ’t ined ti~o amoant  of r~ cm~ e
and the amount available for u se-  ~~ tao curve or d1agr~nn sn~s
made snoring tn~ total  ai:.oun t o f wate i -  in a mIllion g-tllona that
has run off the cet~oined draina.-e areas of Echo 

Lake and i t s
tr~butb ry, Cc- tter’s Brook, in the past 3~ years. Fro u~ tnese
data were dete rm~ned the rroporti :ne o t~-~ dam s, splllray , outlet
works and c..anne~s. The above mentione~.i field work rind the plottirg
of mnoe was cor~d nuous t~.rou~hout the Su~ i~er and 

}‘all. All field
wor~c and maps ware co:cpleted early in Dec er.

In ad lit t o n  to tho above , several reports and estimates of
coat wore made 4urin~ the nu •~~•.er . T e n tat iv e  dust : riB anJ
cimole te estimates were rr.n-i~ of five projects including seven
darns. The first of these e~ tim~t tes rae pr-:pared durtng Aujuet
and ~iub rdtted Au~uØt ~1st. 0th~r estim~teo were l~u~ er reoucoted
and sub rdtted on Cotob er 12th. On that date one of ‘rhe
j~roject? was accepted and di rect i onr €~ v~n to orocee~ r~ th the
f ina l  d:eign an-i plane .

The surveyr an’. etudie~ for 1ncr~a~ing the storage In !cho
take were b~~-an wIth a vie-r to r- t t c in~ tn e  lake ~urface socut
e ig ht  f e e t  or to a h e ig ht  ~~~ the yi~ 1t. of t :.e witershed r~ cred
to ce economical. It ~os re lI~-ei a~ t :.e be -ir .r i lng  of  t.e
inv ~ e th ~t t ion ~~~~ to wou~~ be v - rv ur.~~ rirnble to f1cc~ the
breat s~~az~p at tao head oç ~ l~ :’~~, ~a~t~ock S-’;amp, anc t:.uI
Droduce a lar~e s allor a r ? ’ ~~ ~ ;aoor ~ t ion  ar.c ar~-iatic 1 O~~~~t~~~~f

and at the s-~~ t±me tnc:e :e 1~~~ e:~ ~
- ( l o i ! r i r h  t:.e cc~ cr
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The butin of t1i~ la~:e baa steep , rocky un d er wa ter  ch oree
and a maximum depth o~

’ over thirty fcet. Vore than 6~~ of ~te
area bias a depth of twenty feet wi th 8O~ of i t s  volume abo’~e t~.e
twcnty Loot depth. At an early eta~’e of tae inveet1~~~t~cr&
effort was directed toward finding a solution of the proolem by
drawing from the prei~ent eleva t ion  ra th er  tr~an by rail 4n~: It , a’sdthue secure the ir.cre~~eed curiply f rom the e rl et i ng  clean en d deep
reuervoir .

Ecbstc.ke and the Pecuannock watershed lte wi thin tze gieciate~
area of i~ort hern ~er Jersey. The leke basin was fsr.Aed by tne
obstruction of a river v~llcy by means of glacILl drift. The
drift at the south or outlet  end of the lake takea the forLi of a
hardpa.n overlaying bedrock. Test borIngs snow bedrock to be
at no great distance, seven to thIrty feet, below the ground sur-
face except near the center of the va11e~ where a driven well
d i scloses rock at a depth of 120 feet. The v~’l1ey Is 2,000
feet wide in the vicInity of the south end a! the lake. The
lake haa fw o ou tle t e , tnat  In the south. rest corner, perhaus
the orIgin~l outlet, being novi obstructed cy the enrb ank ~ient of the
~1acopin Bx-ench RaIlro .id. The we~ ter1~ outlet , aocut 7,500 feetlong, enters the Pecuannock just below the New York , Suaoueaanna
& Wc~tern Railroad bridge and ibove the L~acppin Intake. T.~easterly outlet enters  the channel of Cotter ’s Brook ~rn’i rc~eheathe river at the baed cf the ~acopin Intake pond , a dI st ance  of
about 10, 500 fee t  from the lake . The regulated e1evat1o~ of t.elake, we lT crast , is 892 fee t above the mean sea level.
The druwdown permitted by the out le t  channel if :  S.C i~~et and the

a?ailab].e storage 425 million t~i11 nr. Th~ ~:a t e rFheo  of ~cho L’- ke
including wa ter surface , nas an area of P.41 ~nuare miles.
Cotter ’s Brook wa~ersbed has an area of 1.94 snirare miles.

The borings di~ c1csed tha fac t  that the eacter ly  or present
outlet ohanuel was excavtted nearly to bedrock , and that
deLpen 1r i~ would require e tensive rock excavation , while a channela~ the westerly outlet wculd be in earth with  a minimum o- roc~tto be rez..oved. The pT CJ CCt accepted and now being rorked oat In
detail , calls for a 50 foot cor .cret~.. ~oil lw~~ at trae pre~ ent
easterly outlet with lie cre s eIry~ tion at 893 or one foo t  above
~~e pr :sent lake elevation. Tn~ spliiwwy do~ will b~ an earthstruc ture wit.. its crest at elevation 902, or n ine feet above the

epillray crest, allowi ng the u~e of three fee t  o~ f lash  boarde
and a flood depth of two feet .  A por t ion  of the Cotter ’s Srcok
d i ver si o n  channel will be paved to p r e v e nt  seepage lcr ~~es ar id a
1ar~ er cui vert  buil t  to ons . h i eh e r  f lora in to  the lake.
The cutlet channel, dam and control wcrke will oe 1occi t~d at

the south rest corner  of the lak.e . The bottcm of th~ outlet
ch~nne1 at the dam n h  be at e1eva~ion 872 and have a 1en~-th of
1,870 feet. The ~ocLar~,e will be Intc a:~ eX i 5t t f lg  s t reh ~ .
A ~ortiOn of tr~is streem is lccate  on r aI l road  p :operty and
will be i~proved to protect the f~ ll~ from erc~ Icn hy~the lncrez aed
c~ .cunt of ~~~ter c~.rr1e d. The hotto::. o~’ t ho  appro~c—h ch:nr.el
—~11 be 1~ve1 and e~ t~nd 1,670 fe~ t into the lake to cont our
870. The out1~ t da~ wIll b~ an ear th  e t~ uc tar e  with Ita cre~~t a t
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e 1ev~ tion 904 a:.d na i in g  a he ign t  o!~ ~2 feet above the oUt l -~:tc~.anne1. A r.~tr..o~ced ‘:t~ncr te cozi~.ult rI~ l c..rry to’ vot e r
throu~ i. tn~ d:ii . water ~~I11 ~~~~~~~~ CCñiddl t t~~’. ~~a at in-
take tower i n  v ’h icn tn~ r’~~tea  ~ihl o~ pl~ c~ d ..t dtff:r~.nt el—
e vu t t o n c , per :~i t ti ng  draw 1n~ at “hatevci depth ei~min .’ion and
analy els ah~. w~ thc water  to be 0 b e t t e r  n u a h i t y .  The we ter
elopes of the dam will bo pavod ar~ tho i r  tops ar4d do v g4 s t r e u m
slopes Fraseed. Service r~ade will be provided at both of tLe
dams. The excavation for a rni co r ietruc tion  of the ou t l e t  dam ,
con dui t , Inta ke tower an~ r.~a jo r  Por t Ion  of the outlet  channel
will be done b~btnd a coffer—dam built across the cove in the
south rest corner  of the lake. Thie will be a pile ar.d ti cber
rtructure eup~or tln 14 a single line of ~te~1 shc.et p i l ing .  A f t e r
ccr.pletlor. of he daii~ and other utructures , the steel sheet piltnp’da2.. wil l  b~ ret~ Ine d as ~ b a r rie r  to hold back •~r i f t i n g  ice and
debrie from tn” ap~.roach on~ir.ite1 an~. intake tower.

In addition to less co~~t 0.
’ cor.etruction attained by :l~ cinC

the outlet structures and chaflnel  at t~.e t~cut h wezt corr.er of
tha lake , t~.ereby nvoidin~ e~.c~~eeive roc :: e~ cavct ion , aaother
advantage it g~ lned by b~tng able to discharge li rçe fl ows i rom
~ci~o Lake into the u~~ er end of a f u t u r e  recervoi~ at Char lo t t e—
burg and tLence Into a ncr conduit lea~In2 to the City. Still
anot h er aa v~ nt~ p~e is tn:i t the  ent rance  o ” Cot t er ’s ~rook in to
tha lake will b~ so:~e 2,’~~0 tea t froir. tae outelet, altoring
more tiaie icr  ator :i~ e aiid ble~ching than is p.~rthitte~ nor wi thtne entranc e d i rec t ly  at the outlet.  Also the drawing aorn of
the lake to lower levels arid for longer periods will perLnit
better ~r.d more rapid drainage of Ha.~~ock Swamp aid take futureditch ing more ecnno~ ical and effec tive.

The propoced outlet channel Is -:~ si~ ned to carry 9~ second:eet or 60 mi~ licn gallons dai ly ,  t . e  :uhl c .pactty of the exis t—
in~ plre lin-~c to the City , with the ±‘ ea that cho Lake , being
near t~.e :ir.t~ke , may be drawn upen to nearly thu amour.t for
nu ick dehlv~ ry In case ot:ier ~courc a of supply are t~mpor~ ri1y
unavailable. Fcr future 1~ iv~ry to a res~ rvoir at Cn:triott~—
burg a ch~’nnel cbp~city  of 300 aecond feet  n i l  be provided.
This~ ;t~ -~city rould hav~ ta.~en c::re ~~ all but elrht stc~ms tq

the pztf~t 27 ~~arsor , wi t :,  a fu l l  1;~ke , water  roul’i have r~ ete~over th~, ~pIlivr.y an ~vert~~e of once in :.4 years. The ~~~~ eeoond
feet o- 60 ~1.li:n ga1~ont daily, will i~1or alon~ tce d acooin
Br nch raI1rc~:d r~~~:.t—c: —ra y in tt .e cn~ nr~e1 of an exi~~t ing
stream wbic.~ leav~ F th? ri~~.t—of—ray about ~,6’0 f e?t f rcm the
dam . The lar ~ er n v  n t i t y  of VDO scccnd fee t  will  continue along
t~~ ri .gi~t—oa—r ay to the  re~ ervo 1~~. ‘.Tn~ n th is  takes pl~~ce , ad~ —
I t ional  conctruc~ l or. vi i i  b~ reeu~ red cn o.~~nnk~ entb a~.d under
the ltL te Highway a..d rnain line of the Susquchann a rb i l ro~ d.

In orovi .. ng fo r  these  la:Le flora and for taking water from
t~ & lak~ nt  d I f f er ~ nt ~ .eva tiona , 1~ rge gates will be employed .
Rav in ,, more taan on~ o t.~ea~ ~ .t:s.open at t h e ca~.e ti~~e , eI t he r
by t~ ti. k~ or ~.alic~~cu~’ly, roul~ cau~ e d :- r.~ 1~rLu I~ly ..1.~. ..lcre In
tne c~~~ -~~~1s. To cbv!a;e t..i~ an tr.z racc :lr.g r~evic~ ~i 1i be

-— — _ -
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i n et~ ll~ d which w i l l  p r e v e n t  more t Lbn  Oflø ga t e  b~~ r~g o, en ~t z~t ime . Another enfety mer.eure will be the builiinL’ o~ the outl~ t
or ree teriy dtrn tv.c leet htL her that the epiliway or easterly
dani. During the floo.~ c: October 1903, the :1ak~ rose tc zh&u t
elevation t398 and rater flcvcd down the valley in v-hich tu e out-
let dam will be located. ThIs height of wa ter was p rop ab ly  due
in part to clocking by Ldr iftv. cod O~ tr.c lar~ s culv~rt under the
hi~ hway ju3t below the present outlet. A oecticn of the rL:d over
this culvert i~ at ehavation ~~~~ a:..d th e c res t  of the di~ erDIOndam on Cotter ’s Brook Ia at the Ra~.e e l u v et i on .  Water  could f l o w
over the road for a time without cerious d~m~ge but not over the
outlet dam. To prevent tht~ the creat  of th e out l~ t d~ i~ wil l  be
at elevatIon 904 .

T.~~ ai~ount 0: av : ti lhb ie  r a ter  that  c~ n r.,e htore -. in the ~~ke
be tween elevat ions 872 ar. 893, a depth of 21 feet or t:.e a..c unt
of the drawdown made po s. ib]. e by the o u t l e t  ch~ nr.el, n i l  b~ l , 5~ 6
million ~alions or a ru;~’ly of 4.~~5 rrlllton getllon~ per d~.y.

Thi s is an incre~ ee of 1,1G3 m illion 1~~l l O f l r  c i  a~~~il~-.ole r:~ter.
The assu!~~i runoff froz~ t..e d r R t n t ~-~’ orea I~ at the tate O f 1.1

mI l l i o n  galLons per day per scu ar e :~1le. The area of the ri ter —
shed tributary to the lake is 4.~~5 ~ruare !r.ilcs., ~7ith care in
mainta1n 1n~ the huI~ ht  of wat~ r in t:~ ’ lake an a11o~Ing no ra~ te
over . th~ splilv’ay, a rate of 4.8 m i  11cr. ~~11one per day rn;y be
obtained. 5tora~e to ei:v~t1on 893 in the luke gives a d~velon—
ment o~ 9l~ or storee 91~ of the annual runo f f  of the rat~ rshed.
The area cf the lake at el.~vat Ion  8~ 3 wi l l  b~ 282 ecres. The

maximum di~ ch~ r~e at ~ tcop ir. lr.ta~ e ~ur1ng the flocd oF 1903aopears to have been at  the rate ci :~ second feet per ~ ‘u~ re milegrow the Peouaimock drait~a~~ area of 63.7 £‘ojare billeR . T.~1. rate
ad~u~ t~d to ti.~ c~ a11er are - i  of the Echo L~ k~ wa tercne d m s  ured
for  the max1:Le~. :lood ~lóws , the r a l e  used ~~ 1n1~ 15~ second fe e t
~er scuare mile.

The work of c lear ing  d~usa-~1tes , char.nCl locat ions ~~~ th~ & hor~ a
of tne lake to contour 89G was be~un on October 22 , l~ 2a. Thir
work is beln~ done by City .orces under the cirection c SuDerin—
ter~1ent Reid) and under the inrpection 01 tre e enL- 1ne~ rs. Six
miles of -cuttin~. iine~ have oeezm ::~ir~ ed by the endi1~e~ rs. Cne
hur.dred oak piles for the co f fe rd ;im , 20 to 30 feet long, are being
iurnlshed frch. tLe cle~ rIng o:.serations in addition to ocid rccd

~tn~ saw lc~ s sold. rhe area to o~ c1e;~red r.~ounts to 40 nc:ee.
At the ~n. of t..~ year 11 - of t h i b  arev had b~ er4 cut cv~ r.

1:.~otiations were be~jun ir .  July f~ r t . e  p i i cn a e e  c. ti’e ~.v cop1n
br&tric.; R~Ilroad from the rle ~ailro ad Company . Thi~ br~ nc~.
railroad frcL-~erly eerved the ió~ In ~ir-try at Echo Lake amy. i~ of
no ~urt:.er une an : t :~e lLilrcad Co..ipany h:.e vote’i to :~h~ !3don it.

Tni~’ Mcti on ~~~~ te ti ,~ -v, roya l o. t:.e i: .t er ~ ::~~e Cc, :~ ~-r ~ e Ccm .—
I Ion and th~ Sta te  auth ~ ri  t i cs  o. Pe:~; .ry lv  ‘r.ta.

Cr. Decz~mber ~lst  t . e  desI ’
~n ~~~~~~~~ r~~ n~ ef t~e la’:e 1:lipr v ;Ment

;.roj~ Ct were ~e11 ~iw-
’ ’ -  r~y ‘~‘zv ~ t : - ’ir  c~ .;.~ L tt c n  :n the  ~ rep~ r—

~ti a o_ ct’ntr~cts ar~d p~~c~ f ic~ tI en~ - 9~ ’rr e : by the ‘ -c ~ n~ in ~ o~
t::e co . .r . r . :ct i m. -e s~ n ii. Ap~~J.

l~ar ch 14 , 1926 :, ~~~~~~~ :rl er
- ~.e r
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A~~s Fr~ c~ From C~~~tr~c1ior
- Echo L~~ke ~~ Zrr~

Sect. 10.2. ~ren~ r~ ttor , of Pr .ee f e~ ~n ’.m’~n t o .  ~~~~~~~~~~~~
~~~~~~~~ general , et rt frcui a fir :r ~~~t C C  fr o m  ~~~~ tcp —~~c~~

’
tI.t.ber, tre~ e ~ni roctr ~~~ other perieh~ble ui~ tter c~~l! ~~• ‘i’~been removed to the ext~nt rer,ulred . Lo~~e stones , bc_ 1’~~ruand d-bfte shall be removed from ezb~n~~ent ~itee to t~-.e e- ~~ nt
directed. The base under embank~.er.ts eh~ll be 7lou~he’~ juet
~revioue to placIng embankm .~ntc to r~ako a bond with the e..bank—

- 
. ment mat ’r ia l , nd cn elopIng groun’~ ..11l be Bte7pCd where

an d. as dIrected. ~~r . L :  work ~hall not be meae ’ire~ un d er  It ems
1 or 2 except wIthin the areae ~.‘here epeciftcally cc lndIc~t te6
on the drawings .  ~~ er e iprlnge are encounter ed  • ‘lth th e  area
to be covered by the da~:.r thcy ~ v’l be c~ r:’i .or us chall be
directed by the E:~~ineer .  In ~~neral epr ~.ng~ v.’it~ in the ~cv.n—
stream third of t h a t  :~rea ~ill h e  co~ er ed  ~-I th  rock and a bl ind
dr~ In of rock , laid on the natur~i. surface , pr ovi~ ed to t:.e
lower toe of the dam. Elsev:here the f low of the e~ r i n c~c wil l
be cnecked by the earth f i l l  as I t  r I s en , c~ire beir .r t ak e n  to
always force the flow up~ard Instead of allowIng It to for~t amaterco Aree through the completed fill. ~o ¶:.er:..~nent or t~m—porary f ill or s t ruc tu re  will  be al lowed to be placed Cr ~~~~~on any portion of tne darn before that por~ lon is t..oro~jhly
cleared and prc?ored as here1nb~fore specifIed.

9eet. 10. 3. ~ ibnnk ment  ~a ter iq 1e a~ d ~!ethode in Genera l .
Fill and em~~~r~kmr .~ n t s  shall be rr .ade of acceptable m~i ter I a i~ fromn
the e~cav~it1on~ or from borrow pi t s .  As far a~ Ic known very
lit tle acceptab.e material for Item l0)e:r,bank:nent, can be ob—
tnined from the excavations. It is expected that these mater—
iale will be obtained from borrow pIts iccated as si~o.vn on the
drawings. Eefore e~ cavFtin~ ~~~~~~~~ terialc , vll rraes ,
weedn , crcoe , ~~ c’urfnce ro~-t~ “m ill be acceot- io~~ re:oved bymowing ,  burn tn~’, p lc r in~ well in e ivan ee of t iu.~ ~f excav :~t l cn ,
h a r r o w i r .~, i f cr~h~red , or other rt3 proved: u~et~ode. Fill  ~rV_ ~~—
b ankment  mater iah e~ sh~ll be Fubst~ nt lRl1y  f ree  from 7 e r i m ’ h~’b le

and f r~m mr~ater1&is liable t~ beco:~ uiy:,..~io1e r~en ~~t—ur :ited r i tn  rater  a f t e r  hav in~ been comnp~t c t e d .  Any p l ’c e e  t::nt
beco .~e bo~--y  or sPr ir . ry  shall b e c c rr e et e~ to tt:e r~ t l r fi ct 1-n
of the En~r t n e e i  and such m ate r i a l  a~ necessary sha l l  he re~.oved
an d t:.e holec refilled i:m a s at i s f ~ic tory  car.~ er. Sho’i1~ the
En;~ineer di r~et that u: ui t:f~)lo :;:~tertttl i.,’~ exc: v~ ted ~ini~ re—:~.oved from ti~ e;:ban cment the ~~~~ ah- (il be Gro:erl’.’ one ~ythe C en tr a ct o r  a t  h i r  ex~ ense a~. the ~)aCe ref i1’ e-~ ar .~ cc r.~—
pacted as ~pec 1f 1ed . All  s tones al lowed to re ;vtIn shall be
Bepa:  ate : f r c~ each ot: .er cy :in~ e t r t n .  ~o i~t cn ~ h iri i

~~~~~~~~ gre.t t er tnan 4 ~~~~~~ c..d1 b~ uce . L .j .,.1~’ c~ e r t h
cv ..: 6 inc~ ee in any ~ i~.er .eton s h d l  be br okeb Up.

Sect. 1~~.4. Frozen ::ai~ rta1s. :c :r c ~ ev c at er l a l  s . l l  be
uc~~. In t ..e :-o~~~~ru c~ i:n t h e  e:. .h’vh:..ent 0’ t. . ’ P, a~.
flO m at e r i a l  c~~~l1 ~e t1 ~~ ei on nor icns of  t . .eee ~~~~~~~~~~~~~~~~~~~~~~
r ..IC.. ar -c f r — ~:ev.

Fill ~~ e:.~~~’ ~~nt  ~h~- 1 ~~ c c t ~ c~ by r~-n Icr  C: rcllIn~cr both , or C:.- c~th-e : ~~~~~~~~~ a~ r~~~~! re~ , an wherever  ~‘~ 11t -

._ a~- :vry , If  ~i : e~~~e , ~~~ ~~~~~ c-• r: -~ -; ~v:, ~~~~ th  ~~ ~cn r y ~t ‘Sr .
a:~ eot ble - : :lce  l.~r I t c  t:~~, :. . i n t i l n I n ~ th . ~“~r f - c~ c-f ~e nt ir e  ~:n :  ~c f i r  ~ v c t I c - : 1~ et  n m -~lev~~ curface.
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S”ct. 10. ~. A l l c~-:tn~ e f ’ r  S:. !- t m . ~ n .. ‘. The ~~~~~ n~ r m’:; 1~
~tiilt tO’ a ne f~~ .t a~ -_~’.’e t..~ 1i’:t~~n e :  ~r~t~ e r i ~~~ ‘~ill , In tne
c~ In Ion of ...~e ~z m ~~ n e e r , al 1o~: :

‘ r r the 8 a r t n ~ u~’e Cf the .. - ‘ .~~r i i i l .
f r i ch  er :er ~ over f il l  x e c ~~l tu  in bY . e;-c’:L’Y’ c’cttch . of

~~~~~~~~~~ t t n t  tIne of  tnal a e~~t ’ince of the ro-rk th ~~ - -
~~ ~~ ne

u’~~er thi s  c o nt r t a t , cuc:. e -cess  sn a i l  be lr .c lu - :e  In t..e ; . . e a cu r—
:~~n t s .  If any euban ~nre nt~1 ce t;lec  ec as to ne c i lcw the r ’.~n~ ire .~leve ls  for  the proposed f I n i i h ~~ s u r f a c e  at  any place , b e f o r e
the f i na l  accep t nnc -e  of t . a e work , the Con t r ac to r  anal l  Cu ’J2 1Y
a . ~rove ’.i mc at er i -.~le ar.J~ bui1~ up the low plbc en as ~1recte~ .

Sect. 10.6.__C 1ao~~i f I ~~i t I o n ~ of F~ 1l tn-’ !!i.~ ,nk . . en t .  FIll  ari d
erna ankment shall be Clan ified fir payf.er.t ~cLor :ln to Its
physical characte rIstics an~ specIal reou~re~ en ta :iR f o l l o w s :

Item 10 shall Include fill conei~ ting of acceptnble earth,
sanT~, or gravel,  i t  shall  be olace -~ on the  e~r s t  s I c  CI the
epi1l~ ay chann el  ar~ as a cover  over the area r.arh e~i MTIU rump’
an :  In the lar~ er c~ f~’er— dai~ as ehcvn ~ on th e  r 3win cs  an e le
wner e  as or er ed , or i.. t c - - t e ~ Ir. the rawinge.

I t em 11 shall tnc lu ” e t : e r v f cu c  f il ’~ an .. e~ L a n k . ~ent  ccc—
e l at i n g  of se lec tef , acceptabl e ea r th  ccn tu in i . r .g en ough clay ,
soil , or o ther  f I n e  nat e ri a l  to compact  a n :  for :n a w a t e r — t i . -n t
e:~oankr r .en t  an ’ - e p o n l t e ’~ In l~ y er s  not ezceed in ~ iri c :.es In  t r a i ck —
ness when r~read as r ecn l red .  Ite :n 11 shall  inc lu de  the In—
pervious f i l l  in c u t — o f f  tr -:~nchcs  an e ban~n.~en t  rer .’i~ re -t fo r
the o u t l e t  an sp i . l r~ y ~~~~ an -~ fo r  the  e:~han ~~.ent r i l c a : -  th~d I v e r n j o ~ channel rlthin the lim its rhorn cn th e cir ;~w i n - c  or
or dere~ an .  e leer ~.ere ~f -~~r ect eJ .

Sect. 10.7. Cc-nao1i .’atth~~ I:~-,erv1ouP F i l l  an-- ~~h ’nk: ’:ent.Earth for impervious f i ll  an enft~~nkih’nt , it ~ 11~ chal l unless
o the rwI se  2p ec la l ly  or-i - ’re~ Or n •r . i . i t t . ~ , as r ir e sc r lbe l  In
Sect. 10. be upread in approximately horIzontal layers lcn~;l—tu . :inal~ y ann s loping PlI~ ht l y tc -war I th e c e n t e r  t r an t ver :e ly
an~ ex ten . r In ~ ove r t..e ent 1r ~ ru i ’f:ice of the em~ a a kia.ent , an
not :..ore than ~ 1nc ..es Ira  tn ir  k n c c e  when sprea - .

l~o Ltr rra~~l - Uua~ rag~nr or ot~.er v e~ ic ies an .rovc~ by th e
~nj ; i neer , shall b~ usen f .~r th--ncp~ rttr.~: t:.e r;.nteri-u l for  t~ e
re ’Ill an~ e~ buntu .ent s , r~ ~ha1I be r ou teu  so as  to • ro .u ce
tae g reat e s t  su~ount  of c~-mp ac t 1n j~ of t. .e w.~t er in1  h a  tas ~~~~

T~.e spreading ehall h-~ :~one by :ieavy roa ~prea era , n~ u leu
by caterpi l  ar t r~t ct Ore or t r~c tor ~ aa vln .  b . ’i : e w;;eelp ~rby mot or  .r t vm  uuT ~l— caere .

T..e fh ila an e:~ n~~.. -~n t F  s:.all be ccn~ o11 :~~~~~t C - . C:,
- t..~ un e

of rol er s an mate r  to t..e ext :nt t..at t..~ vol e In t:.e ~~ —
t e r i a lgn ~ ll be re -uc e . to not ~..ore t..an -~~~ ~ e: C :f l t  ~: t..: vcl—
uiie o; t..e co.~pacte~. ea r th  ~:c r nj r ~e-~ Lv ~:~.‘~leP t i r’. C i I  :o:~
t~.e f i l ls  an e:~o :-n~ :.,e n ts  u.nh er c o n c t r - ~ct  :n .

I t  Is ass- ~ed t ..t  t the :e.:r ce c- : CC:L~’:~C t f l e 8 9  re~~i~ rei can
be b:ou~.:..t about by the u~e o ’ 

~clL~rr an rater.
Au. rov : power rol_e C n t.. - -

. :ve or  ~~~~~ . rc le sn~ 1i
oc uoe~ . ~ne re~.r wheel o_ eel~ ~ .e r -~l~~er s h il l  he cf

ta  a n .  1-n.et- ’ r a:. s..:~l be~ r ~cn a ?roporUor. c~’
~~ e tot-~l r e ~ ..t o; t . e  :~ ::~~r t..:~. ~-i:~~~a
It s.~~ l c- u- e a ‘- l:-~~:~ :~~~~. 

-
~~~~~

-
~~~ 

- :-:a:.ro ~-h t..-
‘
~~~~~~~~ 30 ~‘i 

- - 
~~~~ ~y ~ ~ ~~~~~~~~~~~~~~ ~: .~~~ :~~.- - 

L. ~. ‘ 
-
~ Idtk G?+tl, Yc’L L

h.l . t..: ~ ~~ 
p . - .. e ra t  o~ 4r&t ~~~t — ’~”4~ ’

t e  ~r oves , 1.1.i. ~~ nit4JtQ- ô~~~ —i 
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Pii ~~ l i n e n  rI th nose co :, . .ect lcnu not leeL t .~~r m l~ 
-

- -
~~

L~~ i ~ Lj ~ C I , ~ the n L’Ite f~~r cupp1yi~~’ ‘-~~er.
A c a p t c i ty  of not leoc than 50 ~:a 1lori ~. p er m i n u t e  at t i e

n cz lee sh::ll be p r c v i - e  - for each of not l - s~ t::;n t’~ nc :-~~. t a .
Tza~’ nu.mcer o noz:~lee ~f thfi ; c’~pacI ty shl’ll ~e Ir.cre i.e I:

r eoul red .
The surface to be covered by a b e d  cf ear th  shall be tnO—

roughly wet j u s t  prev I ou s to ow:p in ~ tr.e load . This ç~rcce ure
snail  be r IgI ’ ly a hered to; tne oo j ec t  be ing  to get ar ~ r e t a in
tra e prop er  arr.cunt of rate r  within the earth rr.:’ee air to avoid
the f~om?.tion of p0cm and mu. y, elippery ~‘ur facee.

Rolling am: wettir~ shall be continue’n until tne reautred
compactness Is obtai:.sd.. T f these method s are not uuf .icient ,
the r e l g ht .o f  ro l lers  ari ~mcunt of water  SOL11 ~e ir . cre~.eed .

Sect. l0..~~ Special CC~~ açt th~’. Por t ions  of tne fi l l  an err.—
ban~’ment WL:I C la are v~iry s.~a1l in area , tnore portions ad~ oIntr.g
th e cu t—of f  walls , o the r  po r t ions  which the rcl ers cannot  re :.,ch
f r r  any reason an. : mate r ia l  u~ eh for  r e f i l l i n g  t rench es , if so
or~ ere c , s.n~1l b-~ coryncte : by m eun ~ o~’ mec . .anlcal  t~ n~ -ers o~ er—
ated by compr ~ ecec aIr  or ot . .ex-r ise , or by ext ra  h e ,v y  h~tn - .
t amoerc u se-  cner ~ et 1c- :11y , cr by ccp o c lt i n~-, t..e e.- r th  by or
throu L~n wa te r  in  such u:~r mne r that all ~f i t  sha ll  ~e tr . c rou~ h1y
saturate ; hut not etratIfiec~, or k~y ot..er means rhlcn mill se—c~ re a s at i s . :~r t c r y  ‘i~~~re~ of compact ing .

Sect ._ l:’G.L ~tn-~s o f ~~aacnry an Where Use~ . Concre te I..bS Ofl—
ry v:IIl u-: rca-if rca In tac- cpItlr~.y an v .al le , t ..e c u t — c f f  ~~llk ,
on for  p:~v in ~ t..-~ ‘ iverrio-n c;mnn nel , :tn elo ew : ere as shorn
on the drawlq:o or o r c - er e d .  Re In ~ orce : conc re t e  w i l l  be used
in th e  ou t l e t  cor.-u i t , the in t ’1k - tower , an in two cu l v er t s ,
and e lnev ’ ..ere as ehcrn on the  - : r arthr s  cr or ered . 9 tone or
or lck  m a sonry  ~h 11 be use -i to face the gat e  hour e  v-all~~. P aving
lal dry will be u&’ed f~ r t .e Plc e paving on tie uDstre ’m rIde
of t~ e earth dame , for the overf1c~ channel , an !~~rtione cf theI v e r r i on  an- out le t  chann ~ l~- oa  elccw..ere as shorn on the a
urti~ IrA~s or oru eren .

Sect. l~G.2. Preoar inr  t ,.e Foun a t ions  i’or aron~ y. Sefore
ley in1,, zur~. or.ry ~: army clan s at a ~i v-i n place t~~ roc .~ or otherfoun .at lon , cr the mai :cnry p - ev l c u c l y  m i  , shall ue prc~ erlyprepare~ as h e r e i n  s p cc I f I e ~ ~r as - :ir e c t e d , an v-no n b~~~1nn1 n ’
to pl:~ce tne :ua~:cnry o be c-: fr e s h  no - r ta r  of tac cu o l i t y  here-
inafter a; ecifieo an of t:.e t h i ch n e s s  recu i re : shall be nareaci
over the fou n -  :~t IOfl  an - thoz-cu -hly rcrkef Into all . . . - r es r . i cn s
a.. - crevices. This v:or ’. ehall not he i r .c lu:e .-~ In t.~e ;..C cure—

eat for  Iter :  9 , un . e e c  s~ e ct f l c a l l y  ‘:eei 1 n a t e - as c . e c i a I
..re?ar l~t ion cr r ock su r f a c e  un er t a :-t it em .  F o un . a t l on s , In
earth , o~

’ t..e retaining walh- aa -- tue ov~-rflcr reir of the spill—way , tho c :lv-:rts , a~ e . s e r u e r e  as cr erec , sh:1l1 uC ro l l ed
cr tai.~ped an d i r e ct e ’ .

Sect. ~~~~~~ water Cc-n -
~~en~~~. ?Tater cr ccr.creLe an .

r.iorzar c.. l.~ .~~~ d o  a an fr : s  fr : . .  i n j u r l c u e  r~’.c ur at s of oi l ,
act , :ali , or : nic  . a t ~~ r ~r c t . . c -r  :c- ’~~~~ric1:. s u b s t u n c e .

~-r: - .f:e : .~~~ a a . l~ r n  r-: ’:s ...e. .~r . -

0.. :C” :~~~ t :-lv ir ,c— r u r f r . r t..~ ater. T..e e .r . r , t i  ty
cf ~-~ter a’- e .  r a i l  O~ t.~ ~~~~~~~~ h.:O 5. nry ~C ~
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of a v c rh t b ~ l it y  r ’-ui re d by the ~n--ineer. Tue Loreti ~.~.- n - y  i
t ie concrete at  th e f :  r~ eh n l l  be ~iucht i .at  tL .~ elua p, tç  St  ( i S

• c~ scr iu~~ in wTen t~t tIve ~ethod of Teat for Con~ i.Lncy 01 Port-
land Cement Concrete i cr  ?ave:i~en te or for Pw.-c..~ nt 1 tee ” , Serla] 

~t i e r l — ~~~T of ti .~ A : er i c an  Socie ty  f o r  T e st i n g  L~at er i a l s
sual l  be v i t h i n  the  l i m i t a  ir.  - i cn t ’v~ In th e fo l lc tt r i g t~ h 1c
un eee o tn e r w t s e  peru . i t t ec  or or L -e re d :

- 
- 

- 

!.‘axlmuzn !SjnImui~Slump in Slump In
Type of Concrete Inc hes Inches

Reinforced  and wat e r t igh t  concre te  6 3
Mass concre te  3 1
Lean conc re t e  fo r  f i l l i n g  3 1

Sec o ’~~ Inclu ed . Concre te is cThssIfIe-~ by ure.I t e m lb c o nr i r t o  r n i in ly  of r e i r a f o r c e . w a t e r t I gh t  concr et e  in
the con ult an: Intake tower , culvert s , cunnnel p :tvin~’ an :teos ,
an e l sewhere  as s.mcv : rr on tn e ~rari n~ c or ai~ o r . . 2re u. Item 14
ccnelm4te mainly ci u.a~ s concrete 1mm gravIty rectlcn r~’tain1nganc win C ;-alls , spt l lv:a y weir ,con- u i t  hea d—wal l s , cu t—c f wal ls ,
a n -  auo ’) o t t fng  st r u c t u r e s  icr cast I ron pipe , an. olsew:;e~o asshown on the urawings cr ord:reu . Item 15 is a lean concret e
and shall bc ur.~cd f o r . f± l l in g  an-; o th e r  e l m i l l ar  pur ; o es as
shown on the drawIngs ~ ‘r or :erc~ .

Sect. 13.2. P l a c i n i .~ The concrete shall be place i ocntinu—
ous ly  so as not  to Impai r  the strength of the strnct~ire. Unl-s o
otherwise per~ itted or rec’ulred , ti.e reInforced concre te  f o r
each sect ion ~: the cc-n i.ilt shall ye placed in one ccsmtinuouu
operation. All steel r-~inforce .~ent shall be placet In toe
exact positions azi~ with thu spacIng shown on tne ,raw!n~’P or as
or- -ere d , an shall be so fas tened  in p o r l t i o n  as to p f e v e n t  ‘ i i ’—
nl~ ce :nent ‘-hu e t~~ concre te is be ing ~c -or ’I ted. To secure a
r a t e r t ij h t  s t ruc ture for  t: e reiraf’ r c a :  concre te  con u lt  ani-
in~~~ e tower m ore t h R n  or: m ary care In miring an - placing
ccncrete Is esrential .

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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